For thousands of years, soy-based foods have been used as an important source of protein in East Asian countries. Fermented soybean pastes have received considerable interest from the research community, not only because of their nutritional value, but also because of the physiological effects attributed to their anticancer, antioxidative, hypotensive, and fibrinolytic properties [11, 19, 22, 32, 44] . Soybean paste is made from meju, which is a brick of fermented soybeans and other ingredients. Meju is prepared via a series of procedures: steaming, mashing, molding into a certain shape, and fermentation. During fermentation, a large number of microorganisms convert proteins and carbohydrates into amino acids, sugars, organic acids, alcohol, and esters, which underlie the distinctive flavor of meju [1, 15] . Previous studies reported that Bacillus spp., Aspergillus spp., Mucor spp., Absidia spp., Penicillium spp., and Rhizopus spp. participated in general meju fermentation [5, 10, [25] [26] [27] 30] .
Bealmijang is a soybean paste fermented for a short period, produced from meju, to which specific ingredients have been added or that has been aged differently [6] . The types of bealmijang vary among geographical locations, and a previous study classified bealmijang into 138 types [21] . Some studies even reported bealmijang manufacturing methods and aromatic compounds obtained from this product [50, 52] . However, no study has examined the microbes involved in bealmijang or bealmijang meju fermentation. Natural fermented soybean pastes are difficult to standardize because of the complex microflora present, which significantly influence the fermentation process. In this study, we isolated and identified fungal species from 2 kinds of bealmijang meju; namely, black soybean meju (BSM) and buckwheat meju (BWM). Identification of meju microorganisms will help researchers understand the fermentation process and the flavor-producing organisms. Additionally, with this information, the traditional bealmijang can even be commercialized.
MATERIALS AND METHODS

Preparation of Meju
The 2 types of meju were manufactured by traditional methods. For BSM preparation, 14 kg of lightly roasted black soybeans was soaked in water at room temperature for 24 h, steamed, and ground. The crushed soybeans were cooled and mixed with 6 kg of barley flour. Then, 2 kg of soybean steamed water was added to this mixture to make a paste. The paste was molded into 400 g discs with a constant diameter of 12 cm and a thickness of 3 cm. After they were dried in the shade for 1 day, the discsballs were fermented at 28 o C under 80% relative humidity (RH) for 7 days and dried for 1 day.
For preparing BWM, 14 kg of soybeans was soaked in water at room temperature for 24 h, steamed, and ground. Then, 6 kg of buckwheat flour and 2 kg of soybean steamed water were added to the steamed soybeans to yield a paste. This paste was molded and fermented in the same way as BSM.
Isolation of Fungal Species from meju
Fungi were isolated from the traditionally produced BSM and BWM. For this, the 2 types of meju were ground into fine powders, which were directly inoculated or serially diluted 10-fold in 0.85% saline buffer and then spread on potato dextrose agar (PDA; Difco, Detroit, MI, USA), malt extract agar (MEA; Difco), and yeast peptone dextrose agar (YPD; Difco). After incubation for 2-5 days at 25 o C, the isolated fungal colonies were transferred to a new plate and incubated for 3-7 days at 25 o C for pure culture. These isolates were stored at -80 o C.
Morphological Observation
The isolates were cultured for 7 days as 1 or 3 point inoculations on PDA and MEA at 25 o C. Pigment production and the colony characteristics were noted. The conidia, hyphae, conidial head, conidiophores, spores, etc. were observed microscopically for morphological identification (AXIO A2 Imager Upright Microscope; Zeiss, Göttingen, Germany).
DNA Extraction, PCR Amplification, and Sequencing Analysis Fungal DNA was isolated as described previously [43] . The isolates were cultured in malt extract broth (MEB; Difco) at 30 o C, and the mycelia were harvested and freeze-dried. The lyophilized mycelia were ground and suspended in LETS buffer [20 mM EDTA (pH 8.0), 10 mM Tris-HCl (pH 8.0), 0.1 M LiCl, 0.5% sodium dodecyl sulfate (SDS)]. The suspension was extracted twice with phenolchloroform-isoamyl alcohol solution (25:24:1), and DNA was recovered by ethanol precipitation. The DNA pellet was washed with 70% (v/v) ethanol, dried at room temperature, and resuspended in 10 mM Tris buffer (pH 8.0). Then, 2 µl of RNase (10 mg/ml) was added to 40 µl of the genomic DNA solution, and the mixture was incubated for 10 min at 65 o C. Molecular identification of the isolates was performed using the internal transcribed spacer (ITS) region and partial β-tubulin genes. PCR amplification was conducted using the ITS1 (5'-TCCGTAGGT GAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') primers for the ITS gene and the Bt2a (5'-GGTAACCAAATCGG TGCTGCTTTC-3') and Bt2b (5'-ACCCTCAGTGTAGTGACCCTT GGC-3') primers for the β-tubulin gene [8] The sequence data were optimized using the BioEdit v. 7.0 program (Tom Hall Ibis Therapeutics, Carlsbad, CA, USA), and sequence alignments were performed by using CLUSTAL-X v. 1.81 [48] . The neighbor-joining method was used for phylogenetic analysis and conducted with the MEGA v. 4.0 software [47] using the Kimura-2-parameter distance model [20] . Confidence values for individual branches were determined by 1,000 replication bootstrap analyses. To identify the genus and species of the isolates, the sequences were analyzed with the BLAST program of the National Center for Biotechnology Information (NCBI; Bethesda, MD, USA).
RESULTS AND DISCUSSION
Fungal species were isolated from among the black, white, yellow, brown, and green fungi that colonized the meju. The mycelia of various fungi were observed inside as well as on the surface of the meju. Fungal colonies could not be isolated from the directly inoculated plates, because organisms of the order Zygomycetes such as Rhizopus and Mucor rapidly overgrew and covered the entire surface of the plates. Therefore, all fungal species were isolated from serial-diluted meju samples. In total, 58 colonies of different shapes and colors were selected (BSM, 27; BWM, 29). These were classified into 17 (BSM) and 14 (BWM) species according to the ITS sequence results. Even though some isolates were identified as the same species, the colonies showed slightly different cultural characteristics and colors.
The following 10 genera were identified: Aspergillus, Penicillium, Cladosporium, Rhizopus, Absidia, Eurotium, Setomelanomma, Mucor, Pichia, and Davidiella. A strain of an unclassified genus was also isolated. Between the 2 kinds of meju, eight species were commonly found: A. oryzae, R. oryzae, P. polonicum, P. steckii, C. tenuissimum, C. cladosporioides, C. uredinicola, and Pic. burtonii (Table 1) . From BSM alone, A. flavus, A. niger, P. crustosum, P. citrinum, E. niveoglaucum, Ab. corymbifera, S. holmii, and 2 unclassified species were isolated, whereas A. clavatus, M. circinelloides, M. racemosus, P. brevicompactum, D. tassiana, and Cladosporium sp. were isolated only from BWM. The phylogenetic relationships of the isolates and type strains are presented in Fig. 1 , and the colonies and microscopic morphologies are shown in Fig. 2-6 . Among the abovementioned species, 11 were primally isolated from the meju; namely, A. clavatus, P. crustosum, P. polonicum, P. steckii, P. brevicompactum, C. tenuissimum, C. uredinicola, D. tassiana, E. niveoglaucum, P. burtonii, and S. holmii.
Both A. flavus and A. oryzae belong to Aspergillus section Flavi. A. flavus is closely related to A. oryzae both genetically and morphologically [4] . A. oryzae is found in traditional soybean or soy sauce meju and is used as a starter culture in commercial meju production because of its superior starch and protein decomposing activities [5, 13, 17, 25, 26] . Moreover, A. oryzae is applied to produce enzymes used in food processing and food ingredients such as esterase-lipase, aspartic proteinase, glucose oxidase, laccase, lipase, pectin esterase, and phospholipase A1 [33] . Values on the branches are neighbor-joining bootstrap supports expressed as percentages.
A. flavus was isolated only from BSM and formed green (on PDA) or yellow-green (on MEA) velvety colonies, whereas A. oryzae was isolated from both BSM and BWM and formed yellow-green (on PDA) or yellow (on MEA) flocculent colonies ( Fig. 2A) . Another Aspergillus species isolated from BSA, A. niger, has been applied in various industries because it is an effective producer of citric acid and many useful enzymes such as glucoamylase, pectinase, protease, hemicellulase, glucose oxidase, and catalase [37, 42] . A. niger has been frequently isolated from the traditional soybean meju of some regions [25] . It formed black radial conidial heads and was observed as a black fungus on the surface of BSM (Fig. 2C, 2D) . A. oryae and A. niger might play a pivotal role in meju fermentation owing to their superior enzyme production. A. clavatus has never been reported to be isolated from soybean meju, but in this study, it was isolated from BWM as it formed bluegreen (on PDA) velvety colonies with clavate conidial heads (Fig. 2E, 2F) . A. clavatus is supposedly a cosmopolitan fungus: it can be isolated from soil and dung as well as cereals such as stored corn and millet [7] . Therefore, in the case of the meju in this study, the origin of the A. clavatus was assumed to be the added buckwheat. Penicillium spp. are widespread in nature, and diverse Penicillium spp. are typically found in soybean meju [25, 26] . P. polonicum, P. crustosum, P. brevicompactum, P. citrinum, and P. steckii are common fungal contaminants of various foods such as cereals, nuts, fruits, meat, eggs, cheese, and coffee plants [40, 45, 49] . Of these, only P. citrinum, which was isolated from BSM, has already been reported to be a meju fungus, and it is known to produce a cheesy odor in soybean meju and contribute to the flavor of soy sauce [25] . P. steckii isolated from both BSM and BWM is synonymous with the P. citrinum isolated in Pitt's study [36] . The microscopic morphologies of the 2 isolates are very similar, but their colony characteristics on PDA are very different: P. steckii forms the reddish reverse of colonies, whereas P. citrinum forms the yellow reverse of colonies. Furthermore, the 2 isolates P. steckii MD01 and P. citrinum PD05 were assigned to different branches in the neighbor-joining tree (Fig. 1) . Therefore, we sorted these 2 isolates as different species. A recent study reported that P. brevicompactum could produce mycophenolic acid, an active ingredient of immunosuppressive pharmaceuticals [38] . This secondary metabolite-producing isolate could be useful in various industries. P. citrinum and P. brevicompactum have amylase activities [35] , thus they could contribute to the meju fermentation.
From the bealmijang in our study, 4 species of zygomycetous fungi were isolated. Unfortunately, the β-tubulin genes of these isolates could not be amplified by the primers used in this study. However, the morphological characteristics of these isolates could be distinguished clearly (Fig. 4 ) and fitted well with the ITS sequence analysis. Rhizopus, Mucor, and Absidia spp. have previously been detected in traditional soybean meju [5, 9, 10, 27] . Their grow rate is very fast and they are considered important for meju fermentation, especially in the early stages [25] . R. oryzae was isolated from both kinds of meju in this study, and previous research has shown that it has high protease activity and produces extracellular lipases [27] . M. circinelloides produces soy protein-hydrolyzing enzymes and various volatile compounds [13, 15] . M. racemosus also has high protein-degradation activity [29] . Although Ab. corymbifera has a relatively low proteinhydrolyzing activity [27, 30] , soybean meju fermented using this organism produced flavorful soy sauce [27] . Therefore, these species might degrade soy protein or lipid and take a part in bealmijang meju fermentation.
The Cladosporium spp., C. cladosporioides, C. tenuissimum, and C. uredinicola isolated from the bealmijang meju in this study belong to the C. cladosporioides complex [3] . They are very common cosmopolitan saprobic fungi. C. cladosporioides is rarely found in traditional soybean meju manufactured in unpolluted rural areas [25] . Moreover, the role of Cladosporium spp. in meju fermentation has not been clarified. The species classification of the Cladosporium genus was difficult because the species showed very similar morphology, culture characteristics, and sequence identity. In addition, the β-tubulin sequence identifications of these isolates were not reliable because of their low identities (91-93%, Table 1 ). C. cladosporioides produced olive-green colonies with ramo-conidiophores (Fig. 5A, 5B) . C. tenuissimum produced green front and greenish-black reverse colonies with budding conidia and conidiophores with a head-like swollen apex and additional intercalary nodules (Fig. 5C, 5D ). C. uredinicola showed relatively less conidiogenesis, and the colonies were reddish-brown at the margins. Isolate MD10, which was identified as an uncultured fungal clone by ITS sequencing, was classified as a Cladosporium sp. because it showed typical Cladosporium morphologies, including budding conidia and twig-like hyphae, and high identities (97%) with the C. cladosporioides ITS sequence. D. tassiana isolated from BWM is a telemorph of C. herbarum [41] , and its microscopic morphology was similar to that of the Cladosporium spp. However, the D. tassiana colonies were smaller than those of the Cladosporium spp. and they were observed as abundant aerial mycelia (Fig. 5E, 5F ).
Yeast strains such as Rhodotorula flava, Torulopsis dattilo, Candida rugosa, Saccharomyces cerevisiae, Zygosaccharomyces rouxii, and Pichia farinosa have been detected in meju [5, 12, 23] . In this study, Pic. burtonii was detected in both bealmijang meju types, although it has not been reported as a meju fungus. In addition, the effect of yeast on meju fermentation has not been clarified. Despite this, the addition of Z. rouxii improved the flavor of traditional soy sauce, kanjang manufactured by meju [51] . Moreover, Lee et al. [24] reported that most yeast strains (45/47) isolated from traditional meju show protease activity, and that many strains (38/47) exhibit α-galactosidase, invertase, and inulinase activities. Based on these characteristics, it may be inferred that yeast species affect meju fermentation. It is also assumed that Pic. burtonii may participate in the aging process of meju because of its amylase-producing activity and contribute to some flavors of the final femented soy foods. [46] . E. niveoglaucum isolated from BSM was also a new species detected from meju. A recent study showed that E. rubrum was a contaminant among meju fungi [53] , so this could be the case even in the present study. ITS sequence analysis showed isolate PD09 to be S. holmii with 98% identity (Table 1 ). This species inhabits spruce twigs in France, the United States of America, and Canada [39] , but it has not been detected in Korea thus far. Isolate PD09 showed the same culture characteristics as S. holmii: slow-growing compact pale mouse-grey colonies with raised centers (Fig. 6E, 6F ). S. holmii cannot produce distinguishing ascomata in culture media [39] , and we did not observe ascomata development for isolate PD09. Isolate PD07 could not be classified at the genus level by ITS or β-tubulin gene sequencing, and further taxonomical studies are needed for identifying it.
Some species isolated from meju are known as producers of mycotoxins. A. flavus is well known to produce aflatoxins [4] , and A. clavatus can produce patulin [7] . Penicillum isolates are potential producers of variable mycotoxins: citrinins (P. citrinum), isochroman toxins (P. steckii), roquefortine and penitrem (P. crustosum), botryodiploidin and mycophenolic acid (P. brevicompactum), and verrucosidin and nephro-glycopeptides (P. polonicum) [40, 45] . In addition, previous studies reported that aflatoxins were detected from natural fermented meju [16] . However, meju is consumed as a fermented soybean paste, like doenjang or bealmijang. Fermented soybean pastes were not detected mycotoxins or only very low level was detected [2, 18, 34] . These imply that most mycotoxins could be destroyed during the soybean paste manufacturing process including fermentation with salt water. If mycotoxins-nonproducing isolates could be screened, these could be utilized as starters of meju or fermented foods.
Compared with previous studies that classified meju fungi on the basis of morphological and culture characteristics, our identification of bealmijang meju fungi is considerably more reliable because it uses the molecular approach of ITS and β-tubulin gene sequencing in addition to morphological and culture characteristics. Culture-dependent methods have certain limitations for identifying isolated strains grown on media. In a recent study, the microbial diversity of soybean meju was analyzed by a cultureindependent approach [23] , and 1 or 2 species per sample were detected in meju by using the PCR-denaturing gradient gel electrophoresis (DGGE) method [23] . In contrast, we detected up to 17 species in one type of meju. These findings imply that culture-independent approaches cannot always show the microbial diversity of fermented foods better than culture-dependent methods.
The microflora of natural fermented foods can be influenced by the environment. The two types of bealmijang meju in this study were produced and fermented at the same place, under the same conditions, and for the same period. Despite this, they had only 8 species in common, which is less than half the total number of species isolated from BSM. This finding implies that the ingredients in meju could affect the microbiota diversity. The microbial diversity of bealmijang could be better understood through further studies using culture-independent approaches, and investigations of the physiological properties of the fungal isolates are needed so that these strains can be used as industrial starters. 
